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0 IMethod of pretreating metaliio works and method of nitriding steel. 

0 A method of pretreating metallic works comprises beating a metallic work In a furnace and introducing a 
fluorine- or fluoride-containing gas Into the furnace in thta state to thereby cause destruction and elimination of 
thie foreign matters adhering to the metallic work surface and of the oxidized layer occunrtng on the metallic work 
surface and simultaneous fonnation of a fluorinated layer Just prior to the main thenmal treatment, for example 
nitriding, the fluorinated layer is decomposed and eliminated by introducing an appropriate gas. for example 1^2, 
Into the furnace, in this way. the metallic work reveals Its cleaned and activated surface. 

A steel nitriding method comprises heating a steel work placed In a furnace to a temperature of about 300- 
SOO'^C. feeding a fluorine- or fluoride-containing gas into the furnace at that temperature, and then subjecting the 
steel works to nitriding treatment to hereby remove impurities and at the same time activate a steel work 
surface, make N atoms penetrate rapidly to the thus-activated steel work surface and diffuse into the Inside. As a 
result a uniform nitrided layer can be formed. 
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METHOD OF PRETREATING METALUO WORKS AND METHOD OF NtTRIDINQ STEEL 



FIELD OF THE INVENTION 



6 This invention relates to (I) a method of pretreating metallic articles or works for the purpose of cleaning 
and activating the surface thereof prior to (1) diffusion/penetration processing, such as boronlzing, carburiza- 
tJon or nitrlding, (2) hard ceramic coating formation, for example by physical vapor deposition or thermal 
spraying, or (3) plating, for example by hot dipping In a molten aluminum or zJnc bath and (II) a method of 
nitrlding steel for the Improvement of wear resistance and other properties by forming a nltrlded layer on 

10 the eteei surface. 



BACKGROUND OF THE INVENTION 

16 

Prior to being subjected to thermal diffusion/penetration treatment, coating freatment to form hard 
ceramic coatings, plating treatment or the like thermal surface treatment metallic works made of steel, 
aluminum, titanium or nickel, for instance, are generally subjected to various types of pretreatment for 
example cleaning, degreasing, acid pickling and treatment with a molten flux. Thus, for example, alkali 

20 degreasing and/or cleaning with an organic solvent Is selectively applied to carbon steel works before such 
thenmal treatment as carburizatlon or nitrlding. For nitrlding or tiie nke themnal treatment of stainless steel 
worke, a step of removing surface oxidized layers by washing with a hydrofluoric add-nlfrlc acid mixture is 
added to the above-mentioned pretreatment step or steps. In the case of such thermal treatment as 
physical vapor deposition (PVD) or chemical vapor deposition (CVD) for forming hard ceramic coating 

2B layers, such intemriedlate processing as nickel plating Is conducted as a pretreatment step \n some 
instances for Improving the adhesion of coating layers to substrate metallic worics. For such thermal 
treatment as plating treatment in a molten zinc or aluminum bath, substrate worics are pretreated with a 
molten flux following degreasing and add pickling to thereby realize an Increased surface activity, or 
substrate worths are maintained at a temperature above the contemplated thermal treatment temperature for 

30 a certain period of time and then gaseous hydrogen or a gas containing a high concentration of hydrogen is 
introduced, into the system for reducing the substrate wori< surface in the resulting reducing atmosphere to 
achieve the same purpose. The primary object of these pretreatment processes is to activate the surface of 
substrate metallic worics to thereby facilitate the tfiennal treatment proper and produce maximum treatment 
effects. However, recent regulations against waste water discharge, regulations against the use of fluorocar- 

36 bon species, aggravated working conditions and other factors have made it difficult to continue ihe 
commercial use of most of the above-mentioned pretreatment processes and have caused Increases In 
pretreatment cost year by year. Furthermore, the pretreatment process comprising maintaining substrate 
steel worics bi a reducing gas atmosphere at an elevated temperature prior to plating treatment using molten 
zinc or aluminum not only requires an expensive reducing gas in large quantities but also involves the 

40 problem that the efficiency of plating Is Impaired by selective oxidation of valuable elements contained In 
steel materials, for example Mn, Si and Al, It is not easy to maintain such elements In a completely reduced 
state in the temperature range not higher than 780 'C as comparaed with Fe, Zn and the like; such 
elements are susceptible to oxidation and are readily oxidized in the temperature range of about 500-600 
a As a result, ttiere arises the above-mentioned problem, namely the plating efficiency decreases due to 

46 oxkjation. 

As mentioned hereinabove, the prior art pretreatment processes to be applied to substrate metallic 
worics before the subsequent thermal treatment proper still encounter such problems as Increases In 
pretreatment cost, environmental pollution problems and deterioration of performance characteristics of 
metallic materials themselves. Solution of these problems is earnestly desired. 
BO On the other hand, the methods of nitrlding or cartsonitrldlng steel articles or works for ttie formation of 
a nltrlded layer on .their surtace which have been so far employed for the purpose of Improving their 
mechanical properties, such as wear resistance, corrosion resistance and fatigue strength, include the 
following, among others: 

(a) The method using a molten cyanate or cyanide salt, such as NaCNO or KCN (tufftriding mettiod)- 

(b) The glow discharge nlWdIng method (lonltrtdlng metiiod); and 
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(c) The method using ammonia or a mixed gas containing ammonia and a carbon source, for example 
RX gas (gas nitridlng or gas soft nitriding method). 

Among those, method (a), which uses hazardous mbtten salts, has a dark future when evaluated from 
the labor environment, waste treatment and other viewpoints. Method (b), which achieves nitridlng by means 

6 of glow discharge In an N2 + H2 atmosphere under a low degree of vacuum, can indeed avoid, to a 
considerable extent the staining of the steel surface or me Influences of oxidized layer formation owing to 
some cleaning effect of sputtering but tends to allow occurrence of uneven nitriding due to local 
temperature differences- In addition, this method is disadvantageous in that articles or -works which can be 
nitrided are much limited In shape and size and that Increases in cost result Method (c) also has problems. 

10 for Instance, the treatment process is not very stable but tends to lead to uneven nitriding. Another problem 
lies In that deep nitriding requires a fairly long time. 

Qeneraliy, steel Is nitrided at temperatures not lower than 500 ' C, For the adsorption and diffusion of 
nitrogen on the steel surface layer, It Is desired that the surface should be free not only of organic and 
Inorganic contaminants but also of any oxidized layer or adsorbed O3 layer. It Is also necessary that the 

16 steel surface layer itself should be highly actWe. The above-mentioned oxidized layer, if present would 
unfavorably promote dissociation of the nitridlng gas ammonia. In practice, however, it is impossible to 
prevent oxidized layer formation In gas nitridlng. For instance, even In the case of case hardened steel or 
structural steel whose chromium content Is not high, thin oxidized layers are fomned even In an high 
concentration hydrogen atmosphere or an NHa or NH3 + RX atmosphere at temperatures not higher than 

20 about 500 *C . This tendency becomes more pronounced with steel species containing an element or 
elements which have high affinity for oxygen, for example chromium, In large amounts. Works made of this 
kind of steel must be deprived of inorganic and organic contaminants prior to nitriding by degreasing with 
an alkaDne cleaning solution or washing with an organic solvent such as trichloroethylene. However. In view 
of the recent regulations against environmental pollution (regulations against destruction of the ozone layer), 

25 the use of organic solvents with highest cleaning effects should be avoided and this is another problem. 

The oxide formation on the steel surface, such as mentioned above, varies in extent depending on the 
surface state, working condittons and other factors even in one and the same work, resulting In unevenly 
nitrided layer formation. 

For example, In the typical case of work hardened austanite stainless steel works, satisfactory nitrided 

30 layer formation is almost Imposeible even If passive surface coat layers are completely removed prior to 
charging Into a treatment furnace by cleaning with a hydrofluoric add-nltric acid mixture. Uneven nitriding 
occurs not only in gas soft nitridlng but also In nitriding of nitridlng steel or stainless steel with ammonia 
alone (gas nitriding). Furthermore, in the case of works complicated in geometry, for example gears, even 
when they are made of ordinary structural steel. It is a fundamental problem that there Is a general 

36 tendency to uneven nitriding. 

The means or methods so far proposed for solving the above-mentioned essential problems encoun- 
tered In gas nitridlng and gas soft nitridlng Include, among others, ttie one comprising charging a vinyl 
chloride resin into a furnace together with works, the one comprising sprinkling works with chtorine,.CH3CI 
or the like and heating at 200-300* C to thereby cause evolution of HCI and prevent oxide fomnation and 

40 remove oxides therewith, and the one comprising plating worics in advance to thereby prevent oxide 
fonnation. Practically none of them have been put into practical use. however. Where chlorine or a chloride 
Is used, chlorides such as FeQa. FeCIa and CrCb are fomned on the steel surface. These chlorides are 
very fragile at temperatures below the rdtriding temperature and can readily sublime or vaporize, damaging 
furnace materials badly. In particular, CrCla can sublime very readily, so that Cr deficiency may readily 

45 result In addition to the drawbacks mentioned above. Furthermore, the handling of the above-mentioned 
chlorides and the like Is troublesome, although they are effective to some extent in preventing oxidized 
layer formation. Thus, none of the methods mentioned above can be said to be practicable. 



Accordingly, it Is the first object of the Invention to provide a method of pretreating metallic wori<s for 
cleaning and activating the surface thereof to thereby facilitate the succeeding thermal treatment proper. 
55 without causing environmental pollution or increases in pretreatment cost and without Impairing perfbmiance 
characteristics of metallic materials, and it Is the second object of the invention to provide a method of 
nitriding steel by which a uniformly nitrided layer can be formed on the steel surface without unevenness in 
nitriding. 



60 



OBJECTS OF THE INVENTION 
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SUMMARY OF THE INVENTION 



To accompRsh the first object, the Invention provides a method of pretreating metallic works which 
5 comprises holding a metallic work in a heated condition In a fluorine- or fluoride-containing gas atmosphere 
and then removing the resulting fiuorin&ted layer to thereby clean and activate the surface of said metallic 
work and to accomplish the second object, the invention provides a method of nitrlding steei by reacting the 
surface of steel articlea or works with nitrogen for the fomtation of a hard nitrided layer tiiereon which 
comprises preliminarily holding a steel work In a fluorine- or fluoride-containing gas atmosphere and. after 
10 formation of a fluorlnated layer on the surface of the work, heating the steel work in a nitrlding atmosphere 
for the formation of a nitrided layer on the surface thereof. 



Fig. 1 schematically shows. In cross section, an example of the treatment furnace for use in the practice 
of the Invention; 

Fig. 2 is a schematic representation of a cross-sectional photomicrograph {magnification: 50) of a surface 
20 layer portion of a work pretreated by the method of the Invention and then subjected to thermal 
treatment (nitriding) in Example 1; 

Rg. 3 is a schematic representation of a cross-sectional photomicrograph (magnification: 50) of a surface 
layer portion of a work pretreated and then subjected to thermal treatment (nttriding) as descr!t)6d in 
Comparative Example 1; 

25 Rg. 4 is a schematic representation of a cross-sectionai electron micrograph (magrtlficatlon: 500) of a 
portion of the thread ridge of a work pretreated and nitrided as described in Example 1 ; 
Rg. 5 schematically shows, in cross section, another example of tiie fumace to be used In the practice of 
the invention; 

Rg. 6 Is an enlargement of the circled portion A of Rg. 5; and 
so Rg. 7 schematically shows, in cross section, a plasma CVD fumace suited for use in the practice of the 
Invention, 

Rg. 8 shows the sectional hardness distribution in a work treated In accordance with the invention. 



As a result of a series of investigations made by the present Inventors in an attempt to develop a 
method by which the surface of metallic works can be perfectiy cleaned and at tiie same time activated, 
and a method of nitrlding steel by which a uniformly nitrided layer can be fomned on the steel surface 

40 without unevenness in nitriding, it has been found tiiat when metallic works are heated In a furnace and. at 
an elevated temperature thus attained, their surface Is brought into contact with a fluorine- or fluoride- 
containing gas Introduced Into said furnace, the resulting activated fluorine atoms decompose and remove 
trom said surface foreign matters adhering thereto, for example processing dds, and thus clean said 
surface and. at the same time, the oxide layer on the metallic work surface Is removed and instead a 

45 fiuorinated layer is formed and protects said surface. Where H2 and H2O are absent, this fluorinated layer is 
stable and continues covering and protecting tiie metallic work suriace at temperature of about 300 'C- 
600* 0. Such fluorinated layer is formed on the furnace inside wall surface as well and covers and protects 
said wall suriace, so that corrosion and wear of the furnace Inside wall suriace can be prevented. 

in addition to tiie above-mentioned fluorine- or fluoride-containing gases, tiiere are also available 

60 chloride gases, such as CHaCI (chioromethane) and HCI (hydrogen chloride). However, these chloride 
gases react with rnetalllc works to give such chloride compounds as FeCb, CrOl2 and CrCb. Since thesa 
reaction product chlorides are highly sublimabte as compared with the corresponding fluorides, showing, fbr 
instance, a 100 thousand-fold higher vapor pressure, the so-called chromium (Cr) deficiency (loss of Cr 
atoms as GrCIs from the metal work suriace layer and the resulting Or shortage and marked decreases in 

55 corrosion resistance and so on) may result and, in addition, chloride-containing gases resulting from 
vaporizatton of the above-mentioned readily vaporizable chlorides will erode the fumace tneldie wall surface 
and increase the wear thereof. Therefore, they are not suited for practical use. 

In accordance with the invention, the oxidized layer occurring on the metallic work surface is. removed 



BRIEF DESCRIPTION OF THE DRAWINGS 
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DETAILED DESCRIPTION OF THE INVENTION 
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and a fluoride layer is formed Instead. This fluoride layer covers and protects the metallic work surface. 
Such effects of the Invention are particularly significant when the subsequent thermal ^eatment, for example 
a treatment fbr nitriding steel, Is conduoted at a temperature not higher than 700 * C. The reason Is as 
follows. Metal elements, such as Cr, Mn. 81 and Al, contained In metallic works, fbr example steel works, are 

6 readily oxidizable In the above temperature range. Since it Is difficult to produce an atmosphere In which 
these metal elements can remain perfectly neutral or reducing, the metal elements mentioned above are 
mostly oxkjized In the above temperature range and intergranular oxides are formed on the mstal work 
surface In the step of thermal treratment proper and serve as obstacles to the intended thermal treatment. 
In accordance with the Invention, metallic works are submitted to each Intended thermal treatment, with their 

w surface protected with a ffuorlnatad layer and, therefore, any problem of the above kind will not arise. 

The fhiorlnated layer covering and protecting the metallic work surface In the above manner can be 
eliminated, prior to the step of thermal treatment proper, by. for example. Introducing into the furnace, which 
Is maintained at a temperature of about 480-700 * C, an H2-containing gas, such as an H2-contaJnlng inert 
gas or a mixture of a nitrogen source gas (e.g. NH3 gas) and H2 to thereby cause destruction of the 

75 fluonnated layer by means of H2 contained in said gas. In this manner, the original surface, now clean and 
active, appears, and a hard coating, for instance, is formed thereon with good adhesion in the subsequent 
thermal treatment step. For example, In the case that the thermal treatment is a nitrlcHng treatment of steel, 
unlfomn nitrided layer can be formed. 

In the following, the Invention is described in more detail. 

20 In acconlance with the invention, the metallic work surface is subjected to pretreatment with a fluorine- 
or fluoride*contalning gas and subsequent thermal treatment such as treatment for nitrtding steel. 

The term "fluorine- or f|uoride<^ontainlng gas" as used herein means a dilution of at least one fluorine 
source component selected from the group consisting of NF3. BFa, CF4 , HF. SFe, and F2 in an inert gas 
such as N2. Among the atjove-mentioned fluorine source compounds. NFa, BF3. CF4 and F2 are gaseous at 

26 ordinary temperature while SF5 occurs as a liquid at ordinary temperature. They are admixed, either singly 
or in combination, with an Inert gas, such as N2, to give fluorine- or fluoride-contalning gases to be used in 
the practice of the invention. Among tiie fluorine source components mentioned above. NF3 is most suited 
for practical use since it Is superior In safety, reactivity, controlabllity, ease of handling and other aspects to 
the other. F2 Is not so preferable since It has extremely high reactivity and toxicity. Is Inferior in ease of 

30 handnng and makes It difficult to operate the furnace smoothly. Generally, the fluorine- or fluoride-containing 
gases are used In an elevated temperature atmosphere and, therefore, even the fluorine source component 
SFe. which is liquid at ordinary temperature. Is vaporized and mbced with the Inert gas under the conditions 
of use. From the efficacy viewpoint, the fluorine- or fluoride-containing gases should contain the fluorine 
source components, such as NF3. In a concentration within the range of 0.05% to 20% <on the weight basis; 

ss hereinafter the same shall apply), preferably 2% to 7%, more preferably 3% to 5%. 

As examples of the metallic woks that can be pretreated in accordance with the invention, there may be 
mentioned steel worics, aluminum worics, titanium works and nickel worics. Said steel worics Include works 
made of various steel species, for example carbon steel and stainless steel The metallic works may .vary in 
shape or form arKl In dimensions. Thus, for example, they may be in the form of plates or sheets, colls, 

40 screws or some other machined articles. The metallic works to which the method of the Invention Is 
applicable may be made not only of one of such metallic materials as mentioned above but also of an alloy 
derived firom the above-mentioned materials by appropriate combination, with or without addition of another 
or other minor component metallic materials. 

In accordance with the invention, the metallic worics mentioned above are pretreated. for example, as 

45 follows. The metallic worics are placed In a heating furnace and heated to a temperature of 150-800 ' C . 
preferably 300-500*0. Then, in that state, a fluorine- or fluoride-containing gas Is Introduced Into tiie 
heating furnace. The metallic worths are held at the above-mentioned temperature in an fluorine- or fluoride- 
containing gas atmosphere for about 10-120 minutes, preferably about 20-90 minutes, more preferably 30- 
60 minutes, whereby tiie oxidized layer on the mertallic woric surface is removed and a fluorinated layer Is 

60 formed on said surface. An H2-contalning inert gas is then Introduced into the heating fumace for 
decomposing and ellminationg the fluorinated layer. As a result, a cleaned and activated metallic material 
suriace reveals itself. This series of steps may be performed, for example, in a heat treatment furnace 1 
such as tifie one shown in Fig. 1 . In the figure, the furnace 1 Is a pit fumace and has a heater 3 provided in 
the space between an outer shell 2 and an Inner vessel 4, with a gas inlet pipe 5 being Inserted in said 

05 vessel. Gas supply is made from cylinders 15 and 16 via flow meters 17 and a valve 18. The Inside 
atmosphere Is stirred by means of a fan 8 driven by a motor 7. Worics 10 placed In a wire net container 11 
are charged Into the fumace 1. The fumace Is provided with an exhaust pipe 6, a vacuum, pump 13 for 
exhaustion, and a noxious substence eliminator 14. 
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In this heat treatment furnace 1, the pretreatment procedure Is carried out as follows. The metallic 
works 10 charged In the fumace 1 as shown In Rg. 1 are heated by means of the heater 3 to a 
predetemnfned temperature. A fluorine- or fluoride-containing gas, for example a mixed gas composed of 
NF3 and Na, Is introduced Into the furnace 1 from the cylinder 15, whereby processing aids and the like 
6 adhering to the surface of the metallic woks 10 are removed and at the same time the oxidized layer 
possibly occurring on the surface of the metallic works 10 Is removed and a fluorinated layer Is formed 
Instead, As a result, the surface of the metallic works 10 Is covered and protected by the fluorinated layer. 
After such pretreatment of the metallic worths 10 In the furnace 1. the fluorine- or fiuoride*contalnlng gas In 
the fumace 1 Is discharged from the furnace through the exhaust pipe 6 by applying vacuum. The metallic 

10 works 10 are then heated by the heater 3 to a further elevated temperature of 480-700 'C. In that state, a 
mixed gas composed of Na and H2 is blown Into the fumace from the cylinder 16. whereby the fluorinated 
rayer la eliminated. As a result, the metallic works 10 reveal a clean and active metallic surface. This 
surface undergoes various kinds of treatment process In the subsequent themial treatment step. In this 
case, thermal treatment proper, for example diffusion/penetration treatment can be applied to the surface of 

16 the metallic works 10 deeply and uniformly, since said surface has now been cleaned and activated. In hard 
ceramic coating or plating, a unHbnfn and closely adhering coating layer or metal deposit layer can be 
formed. The fluorinated layer may be eltmhated simultaneously with thennal treatment proper. For 
example, in the nllriding treatment of steel, pretreatment and thermal treatment proper are carried out 
elmultaneously. That Is. steel works are cleaned for degreaslng. for Instance, and then charged Into a heat 

20 treatment fumace 1 such as shown in Rg. 1 . And a fluorine- or fluoride-containing reaction gas, for example 
a mixed gas composed of NF3 and Na, Is Introduced Into this fumace. In this case, the concentration of NF3 
should amount to, for example, 1 0,000-1 0O.000ppm. preferably 20.000-70, OOOppm. more preferably 
30,000-50.000ppm. The holding time of the wortcs In such fluorine- or fluorid©K»ntalnlng gas atmosphere 
may appropriately be selected depending on the steel species, geometry and dimensions of the wortcs, 

26 heating temperature and so forth, generally within the range of ten and odd minutes to scores of minutes 
Thus, after putting the works Into the above-mentioned gas atmosphere, the works are heated at a specified 
reaction temperature. At temperatures of 250-400*0 . NF3 evolves fluorine In the nascent state, whereby 
the organic and Inorganic contaminants on the steel work surface are eliminated therefrom and at the same 
time this fluorine rapidly reacts with the base elements Fe and chromium on the surface and/or with oxides 

30 occuning on the steel work surface, such as FeO, Fe302 and CraOa. As a result a very thin fluorinated 
layer containing such compounds as FisFa. FeFa. CrFa and CrFi In the metal stmcture Is formed on the 
surfece. for example as follows: 

FbO + 2 F FeFa + 1/2 Oa; CraOa + 4 F — 2 CrFa + 3/2 Oa, 

These reactions convert the oxidized layer on the work surface to a fluorinated layer. At the same time, 
as Oa adsorbed on the surface Is removed therefrom. Where Oa, Ha and HaO are absent, such fluorinated layer 
is stable at temperatures up to 600 ' C and can presumably prevent oxidized layer formation on the metal 
base and adsorption of Oa thereon until the subsequent step of nitriding. A fluorinated layer, whfch la 
similariy stable, is formed on the fumace material surf^ as well and minimizes the damage to the fumace 
material surface. 

40 The wortcs thus treated with^ such fluorine- or fluoride-containing reaction gas are then heated at a 
nitriding temperature of 480-700 * C, Upon addition of NHa or a mixed gas composed of NH3 and a carison. 
source gas (e.g. RX gas) In the heated condltton. the fluorinated layer undergoes destructton to give an 
active metal base. 

Upon fomiatlon of such active metal base, active N atoms are adsoribed thereon, then enter the metal 
45 structure and diffuse the rein and. as a result, a layer (nitrided layer) containing such nitrides as CrN, FeaN, 
F^aN and PbaN Is formed on the surface. 

A layer containing such compounds is formed In the prior art processes as well. In the known 
processes, however, the surface activity of the wori<s Is reduced by oxidized layer formation and Oa 
adsorption during the period of temperature rise from ordinary temperature to the nitriding temperature. 
60 Therefore, in the nitriding step, the adsorption of N atoms on the surface Is tow In degree and uneven. Such 
unevenness In N adsorption is promoted by the fact that It Is practically impossible to maintain a uniform 
extent or rate of decomposition of NHa In the fumace. in the process according to the Invention. N atoms 
sre adsorbed on the woric surface uniformly and rapidly, hence the problem menttoned above is never 



From the operational process viewpoint. It Is an outstanding feature of the Invention that, as a result of 
the use, as the reactant gas for fluorinated layer formation, of such a gaseous substence as NFa, which 
shows ho reactivity at ordinary temperature and can be handled with ease, the process ia simplified, for 
example continuous treatment becomes possible, as compared with the processes which Involve plating 



.p. t^n^o^riteredi 
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treatment or use of PVC, which is a solid, or a liquid chlorine source. The tufftridlng process can hardly be 
said to have a bright future since a great expenditure is required for work environment improvement and 
environmental pollution prevention, for instance, although it Is excellent in promoting nitrided layer fomnation 
and increasing fatigue strength, among others. On the contrary, the above-mentioned process according to 

5 the invention requires only a simple device for eliminating hazardous substances from the exhaust waste 
gas, and allows at least the same extent of nitrided layer fomnation as In the tufftridlng process and thereby 
makes it possible to avoid uneven nitriding. While nitrlding is accompanied by carburizing In the tufftridlng 
process, it Is possible to perfonm nitriding alone in the process according to the invention. 

In this way, when nitriding treatment Is performed as the subsequent thermal treatment, an extremely 

10 hard compound layer (nitrided layer) containing such nitrides as CrN. FeaN, FeaN and FeiN Is fbrmed 
unifonnly and deeply from the surface of the metallic works 10 toward the inside thereof. Therebeiow a hard 
N atom diffusion layer Is formed deeply. Such mode of nitriding is very efficient However, as mentioned 
hereinbefore, the subsequent themnal treatment is not limited to such nitriding. For Instance, the method of 
the invention Is effective In performing such processing treatments as carbonitrldlng, physical vapor 

15 deposition (PVO) and chemical vapor deposition (CVD). which are to t)e carried out at or below 700* C. in 
these cases, the pretreatment for fluorinated layer fomnation should preferably be conducted in a furnace 
other than the furnace In which the thermal treatment proper is earned out. Other examples of the 
subsequent thermal treatment for which the method of the Invention Is effective are plating treatments using 
molten zinc or aluminum. While these treatments generaily Include a complicated series of steps, namely 

so alkali degreaslng. acid pickling, molten flux treatment and dipping In molten aluminum or zfnc, the 
pretreatment stage from alkali degreasing to molten flux treatment can be markedly simplified when the 
method of pretreatment according to the invention is employed. As a result, the length of the overall 
process can be shortened and the production cost can be reduced. Furthermore, particularly In plating 
works made of a high Si content steel species, the method of the invention can produce a favorat>ie effect 

26 In that a metal deposit layer superior In adhesion can be fbrmed. 

As mentioned above, the method of pretreating metallic works according to this Invention comprises 
holding metallic works in a heated state in a fluorine- or fiuorkle-containing gas atmosphere so that active 
fluorine atoms supplied by the fluorine- or fiuoiide-containing gas can act on the metallic work surface, 
cleaning the same by destructing and eliminating processing aids and other foreign matters adhering 

so thereto and at the same tin^e removing the surfece oxidized layer therefrom and fonning a fluorinated layer 
Instead. This fluorinated layer can serve as a protective coating on the surface of the metallic wori<s. The 
fluorinated layer can be decomposed and eliminated in a step just prior to or In the subsequent thermal 
treatment step by means of an H2-contalnIng gas. whereby an uncoated arxJ activated metallic work surface 
can appear. Thus, although a certain period of time may be required from the pretreatment to the thermal 

36 treatment, the pretreatment method of this invention does not cause the unfavorable phenomenon tinat a 
new oxidized layer Is fomned on the pretreated metallic work surface. This is because the fluorinated layer 
formed after removal of the oxidized layer from the metallic woric surface covers and protects said surface. 
Thus, In accordance with the pretreatment method of the Invention, the oxide layer on the metallip work 
surface is converted to a fluorinated layer, which can be readily decomposable and removable, so that the 

40 metallic work surface can be converted to an uncovered and activated state. This is an outstanding feature 
of tlie invention. 

The steel nitriding method according to tiie invention comprises holding steel worics with heating tn a 
fluorine- or fluorlde-containing gas atmosphere to thereby eliminate organic and inorganic contaminants and 
at the same time cause tiie passive coat layer, such as an oxidized layer, on the steel woric siirfece to be 

45 converted to a fluorinated layer, arid tiien subjecting the works to nitriding treatment Since tiie oxidized 
layer or the like passive coat layer on the steel work surface Is converted to a fluorinated layer In that 
manner, the steel work surface Is protected in a good state. Therefore, even after tiie lapse of a certain 
period from the time of fluorinated layer formation to the time of nitriding, the fluorinated layer fomned on 
tiie steel work surface remains In a good condition, still protecting tiie steel woric surface remains in a good 

60 condKlon, still protecting the steel work surface. As a result, no oxidized layer can be fonned again on tiie 
steel work surface, in tiie subsequent nitriding treatment, such fluorinated layer is decomposed and 
eliminated, whereby a new steel wori< surface appears. This newly exposed metal surface Is in an active 
condition, allowing N atoms to penetrate readily Into tiie steel works subjected to nitriding treatment The 
resulting uniform penetration of N atoms from the steel work surface into the deptii leads to fomnation of a 

66 favorable nitrided layer. In particular, the fluorine- or fluoride-containing gas to be used in accordance with 
the invention In tiie pretreatment step prior to nitriding treatment is a gas which shows no reactivity at 
ordinary temperature and can be handled with ease, for example NFa, and therefore tiie pretreatment step 
can be simplified by carrying out the step in a continuous manner, for Instance. 
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BEST MODES FOR CARRYING OUT THE INVENTION 



5 (1) Examples of the method of pretreating metallic works 



Example i 

10 



[Pretreatment] 

76 SUB 305 tapping screws (samples) were shaped and then cleaned with vaporized trichloroethylene. 
They were charged into such a furnace 1 as shown In Rg. 1 and heated to a temperature of 350 * C. In that 
state, a fluoride-containing gas composed of 7.0% of NFa and 83.0% of was Introduced into the furnace 
1 and the resulting system was maintained at 350* C for 20 minutes. Then, some of the above-mentioned 
samples were taken out and examined for their surface structure. It was confirmed that a fluorinated layer 

20 had been formed aU over the surface. 



rrhermal treatment] 

25 The samples remaining In the fumace 1 were heated to 550 " G, held In an Ns * 90% H2 atmosphere 
for 30 minutes and then subjected to 5 hours of nitriding treatment by introducing into the fumace 1 a 
mixed gas composed of 50% NH3. 10% CO2 and 40% N2. In this treatment process, the fluorinated layer 
was decomposed and eliminated and at the same time a nitrided layer was fbnmed. The thus-nltrided 
samples were alr-cooied and taken out of the fumace. 

so A unifonm nitrided layer had been formed on the surface of the samples obtained. 



Comparative Example 1 

3S 

The same tapping screw samples as used fn Example 1 were cleaned with vaporized trichloroethylene, 
pretreated by dipping In a hydrofluoric acki-nitric acid mixture for 30 minutes, charged Into the same 
furnace 1 as used in Example 1. and subjected to nitriding treatment In a mixed gas composed of 50% NHa 
and 50% HX (Ha, CO) for 5 hours. 

40 The samples cfcrtalned in Bcample 1 were compared with those obtained in Comparative Example 1 with 
respect to the state of the nitrided layer and to the hardness distribution. The results are summarized betow 
In tabular form. The sectional photomlcrographic views (magniftcdtion: 50) of the samples obtained in 
Example 1 and Comparative Example 1, respectively taken in the vicinity of the surface, are schematically 
shown in Rg. 2 and Rg. 3. respectively. The sectional electron micrographlc view (magnificalian: 500) of 

46 the thread of a sample obtdned in Example 1 Is schematically shown In Fig. 4. In Rgs. 2-4. the letter A 
indicates the base metal and 6 the nitrided layer. 



so 



65 
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Example 1 


Comparative Example 1 


s 


state of nitiided 
layer 


Nitrided layer uniform In 
thickness formed all over the 
surface. 


No nitrided layer formation In many parts: nitrided 
layer. If formed, found only in thread top portions 




Hardness: 






10 


Surface Kardness of 
nftrlded layer B <Hv) 


1150-1200 


310-320 


Hardness of the 
Inside (base metal) A 
(Hv) 


270-280 


270-290 



75 



Example 2 

20 

[Pretreatment] 

A fragment of a very tow carbon steel strip (SI content 1.5%: Mn content 0.5%) was used as a sample. 

25 The sample was cleaned by allcall degreasing, washed with water and charged into a furnace as shown in 
Rg. 5. In Fig. 5. the fumace body 20 including its heat insulating wall has a heating means 21 
circumferentlally embedded In the fumace body 20. A sliding door 22 closes the bottom of the furnace 
body 20 Is sHdable in the left and right directions In the plane shown. The ceiling of the fumace body 20 is 
equipped with a gas inlet pipe 23 which enables gas introduction into the fumace body 20 containing Uie 

30 sample 24 to be treated. A zinc pot furnace 26 is disposed below the fumace body 20, with the sliding door 
22 serving as a partition therebetween. As shown In Fig. 6, the zinc pot fumace 25 has an Induction coll 26 
embedded In the surrounding wall and contains a zinc bath 27 maintained at 450* C. The sample charged 
In such a furnace was heated to 300 * C and then held, for pretreatment. at that temperature in a mixed gas 
composed of 1 % NP3 and 99% N2 as Introduced Into the fumace for 30 minutes. The sample was then 

as heated to 50*C and held In a mixed gas (75% N2'^25% H2) Introduced into the furnace for 10 minutes, 
whereby the fiuorinaled tayer fomned In the pretreatment was eliminated. 



[Thermal treatment] 

The sliding door 22 was opened and the sample was transferred to the zinc pot fumace 25 and zinc- 
plated there. 

The sample was then taken out of the furnace, whereupon Na gas was blown against the sample. The 
sample was then cooled and dried. Thus was obtained a desired zinc-plated sample. 



Comparative Example 2 



60 A fragment of the same very low carbon steel strip as used in Example 2 was cleaned by alkali 
degreasing, acM pickling and washing with water, then charged Into the fumace shown in Fig. 5. and heated 
to 700 * C. In that state, a mixed gas composed of 25% N2 and 75% Ha was blown Into the fumace for 20 
minutes. Then, the sliding door 22 was opened and the sample fragment was transferred to the zinc pot 
fumace situated below the fumace 20 and subjected to zinc plating under the same conditions as used In 

55 Example 2« followed by blowing N2 gas against the sample, cooling and drying. 

The thus-obtained two steel samples were tested for the adhesion of the zinc metal deposit layer by 
performing a bending test followed by obsevation of the bent portion. The sample of Comparative Example 
2 which had been heated at 700* C showed marked insufficiency of metal deposit layer adhesion in places. 
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On the contrary, tho sample of Example 2 did not show such a phenomenon. The samples of Example 2 
and Cpmparative Example 2 were subjected to surface analysis by means of an optical microscope, an X 
ray microanalyzer (EPMA) and an Ion mlcroanalyzer (IMA). Selective oxidation to SimOn and Mn„0„ was 
observed with the sample of Comparative Example 2 while such phenomenon was not found In the sample 
s of Example 2. 



Example 3 

10 

[Pretreatment] 

An SKH 51 end mill was used as a sample. This was degreased, dried, further subjected to 
IB fluorocarbon cleaning and then charged Into the furnace shown In Fig, l. The fumace was evacuated to 
icr« to 10-» tonr using a vacuum pump while the fumace Inside temperature was raised. Then, the 
temperature was maintained at 260 'C and the pressure at 150 to 200 ton^. In that state, a mixed gas 
composed of 20% NFs and 80% N2 was Introduced Into the fumace. The sample was held In that state in 
the ntixed gas fbr 30 minutes, the fumace was then cooled, and the sample was taken out 



(Thermal treatment] 

The thus-pretreated sample was placed in such a low temperature plasma CVD fumace as shown In 
25 Rg. 7 and st^Jected to TIN coating by heating at 480 ' C for 60 minutes. 

In Rg. 7, the reference numeral 30 stands for the sample, 31 fdr a pump. 32 for a thermometer and 33 
for a power source. 

The TIN coating layer on the thus-obtained sample had a thickness of 3 um. The adhesion of this 
coating layer as measured on a scratch tester was higher by 30% as compared with the adhesion attainable 
30 by the plasma CVD technique using the conventional pretreatment methods. The durability of the sample 
end mill was at least 6 timea higher as compared with an uncoated sample. 



(II) Examples of the method of nitrtding steel 



Example 4 and Comparative Example 3 

40 

Work-hardened SUS 305 stainless steel works (screws) were cleaned with trichloroethylene. then 
charged Into such a treatment fumace 1 as shown in Rg. 1, and held at 300 * 0 In an Na gas atmosphere 
containing 5.000 ppm NFa for 15 minutes. Then they were heated to 530 * C. and nitriding treatment was 
candled out at that temperature for 3 hours while a mixed gas composed of 50% N2 was introduced Into the 
45 furnace. The works were then air-cooled and taken out of the furnace. 

The nitrlded layer of each work thus obtained was uniform In thickness. The surface hardness was 
1.100-1,300 Hv while the base material portion had a hardness of 360-380 Hv. 

In Comparative Example 3, the same works as used in Example 1 were cleaned with trichloroethylene, 
treated wfth a mixture of hydrofluoric acid and nitric acid, placed In the fumace mentioned above, and 
60 heated in 76% NHa at 530 *C or 570' C for 3 hours. In either case, great variations were fdund in the 
thickness of the nitrlded layer fomned. The proportion of portioris having no nitrlded layer at all was high. 

Photomicrographs of the works obtained In the above-mentioned example and example for comparison, 
respectively taken In the vicinity of the surface, are shown in Fig. 2 and Rg. 4 (Example) and Fig. 3 
(Comparatlva Example). 

66 

Example 5 
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8U8 305 stainless steel tapping screws were cleaned with acetone, placed In the furnace shown in Fig. 
1. held In an N2 atmosphere containing 5.00O ppm of NFs at 280* C for 16 minutes, then heated to 470 * C 
held In N2 90% Ha at that temperature for 30 minutes, nitrided in 20% NH3 80% RX for 8 hours, and 
taken out of the furnace. 

8 A 40-50 M.m thick nitrided layer was formed all over the screw surface. The surface hardness after 
surface polishing was Hv » 950-1,100. The nitrided layer showed a con^osion resistance to 5% sulfuric acid 
which was not so inferior to that of the base material. 



10 Example 6 and Comparative Example 4 



The works used in Example 6 were hot-worked mold parts polished by emery cloth (SKD 81). They 
were charged Into the furnace shown In Fig. 1 . heated In an N2 atmosphere oontalntng 3,000 ppm of NF3 at 
16 300 'O for 15-20 minutes, then heated to 570* C , and treated at that temperature with a mixed gas 
composed of 50% NHa aruJ 50% N2 for 3 hours. A uniform nitrided layer of a thickness of 120 um was 
obtained with a surface hardness of 1,000-1,100 Hv (base material hardness 450-500 Hv). 

In Comparative Example 4, the same parts as used in Example 6 were cleaned with hydrofluoric acid- 
nitric add and then subjected to nltriding treatment at 570* C for 3 hours. The nitrided layer thickness was 
20 at most 90-100 urn and great variations were found in said thickness. Severe surface roughening was also 
ok)8erved. 



Example 7 and Comparative Example 5 

28 

Nltriding steel (SACM 1) parts were cleaned, charged into the furnace shown In Fig. 1. held in an N2 
gas atmosphere containing 5,000 ppm of NF3 at 280 ' C tor 20 minutes and then heated in 75% NHa at 
550 *C for 12 hours. The nitrfded layer obtained had a thickness of 0.42mm. For comparison (Comparative 
30 Exampie 5). the same parts as above were nitrfded in the conventional manner. The thtefcness of the 
nitrided layer was 0.28mm. 



Example 6 

as 

Structural carbon steel ($450) mold parts were cleaned, held in an atmosphere containing 5.000 ppm of 
NFa at 300 *C for 20 minutes, then treated at 530 *C with 50% NHa plus 50% RX for 4 hours, oil- 
quenched, and taken out. The nitrided layer obtained had a hardness of 450-480 Hv. These works were 
40 subjected to a rotary bending test The fatigue strength was 44Kg/mm2. being comparable or superior to 
that of the products gas soft nitrided in the conventionel manner. 



Examples 

45 

Work-hardened SUS 305 stainless steel works (screws) were subjected to nltriding treatment in the 
same manner as In Example 4 except that a mixed gas composed of 10% NH3. 5% CO and 65% N2 was 
used In lieu of the mixed gas composed of 50% NHa ^ 50% Na. 

so The nitrided layer of each work thus obtained had a uniform thickness. The depth of the nitrided layer 
was about 70 um. The nitrided layer was more compact than that obtained in Example 4. The surface of the 
nitrided layer of the works thus obtained was polished and subjected to a corrosion test using sodium 
chloride and sulfuric acid. Still better results were obtained as compared with Example 4. 

In this example, the NHa concentration in the mixed gas used for nltriding was k^elow 25% and this is 

66 presumably why better nitrided layer formation, resulted as compared with the case where the NHa 
concentration exceeded 25%. Particularly when a mixed gas having such composition is used for nitrided 
layer formation, the nKrided layer comprised of a compound layer containing IntenDetaiiic compounds 
composed of N and Cr, Fe, etc., and a diffusion layer containing nitrogen atoms that have diffused shows a 
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much higher diffudon layer/compound layer ratio, as shown by the curve A in Fig. 5, as compared with the 
conresponding ratio shown by the curve B for the conventional nitridlng processes. This indicates that. In 
accordance with the invention, nitrided layers are obtained with a very good hardness gradient, which Is 
different from the steep hardness decrease gradient in the prior art. The worlcs nitrided in this example 
5 showed practically no difference In hardness between the thread ridge and the bottom. 



Example 10 



Work-hardened SUS 305 stainless steel works (tapping screws) were cleaned with trichloroethyiene. placed 
in a fumace other than the nitrlding furnace, heated to 330 *C, and held In the furnace at that temperature 
for 40 minutes while mixed gas composed of N2 gas and 20.000 ppm of NF3 was introduced Into the 
fumace. The works were then cooled with gaseous nitrogen and taken out of the furnace. 
16 After the lapse of 3 hours, the works were charged Into the nitriding furnace, heated at 530 ' C and 
nitrided for 4 hours while feeding a mixed gas composed of 20% NH3 ^ 10% COa -i- (Ma to the fiimace. 

The works thus obtained had a good and untfbrm nitrided layer, like the products obtained in Examples 
4 and 5. 

20 

Example 11 and Comparative Example 6 



Work-hardened SCM 440 works (shafts) contaminated wHh a cutting oil were degreased with an alkali. 

2B Without cfeaning wlth^any organic solvent, they were placed In the treatment fumace 1, such as shown In 
Fig. 1, heated to 330 *Ci and held at that temperature In an N2 gas atmosphere containing 30,000 ppm of 
NF3 for 3 hours. Then, the the temperature was raised to 57Q * C while feeding gaseous In lieu of the 
mixed gas mentioned above. At that temperature, a mixed gas composed of 50% N2 50% Hz was fed to 
the furnace for 40 minutes and then a mixed gas. composed of 50% NHa 10% COa * 40% Na was 

30 introduced into the furnace tor effecting nitriding tor 3 hours. 

in comparative Example 6, the same cutting oil-contaminated work-hardened works as used in Example 
11 were subjected to alkali cleaning, then directly charged into the fumace shown In Fig. 1. heated to 570 
* C. and nitJided at that temperature for 3 houns while feeding a mixed gas composed of 50% NHa 50% 
RX to the fumace. 

36 The nitrided layers of both lots of works thus obtained were compared with each other. In Example 11, 
the nitrided layer had a micro Vickers hardness (l-lv) of 350 and nitrided layer depth of 180um whereas, in 
Comparative Example B, the nitrided layer thickness was 40um. It is thus evident that tho nitrided layer of 
the works obtained in Bcample 11 had a greater depth. 

For further comparison, the work-hardened sample works were subjected to alkali cleaning and then 

40 further to cleaning with trichloroethylene. Then, they were nitrided In the same manner as In Comparative 
Example 6 for 3 hours using a mixed gas composed of 50% NHa + 60% i^ Even In this case, the 
nitrided layer thickness couid not exceed SSum. 



45 Claims 

1. A method of pretreating metallic works which comprises holding a metdlllc work In a heated condition In 
a fluorine* or fluoride-containing gas atmosphere and then removing the resulting fluorinated -layer to 
thereby clean and activate the surface of the metallic work. 
60 2. A method according to claim 1 in which the metallic work Is essentially of steel, aluminum, titanium or 
nickel. 

3. A method according to any preceding claim In which the fluorinated layer is removed by treatment with 
hydrogen gas, and optionally with a nitrogen source gas. 

4. A method according to claim 4 in whteh the said treatment Is carried out at a temperature between 480°C 
as andTOO^'C. 

5. A method according to claim In which the nnetal is steel, further comprising, after formation of the 
fluorinated layer on the surface of the steel, heating the steel in a nitriding atmosphere to form a nitrided 

. layer on the surface thereof. 
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6. A method of nttrlding steel by reacting the surface of the steel with nitrogen to form a hard nitrided iayer 
thereon characterised in that the method conprlses holding the steei In an atmosphere containing fluorine or 
fluoride and, after fonmatlon of a fiuorinated layer on the surface of the steel, heating the steel In a nitriding 
atmosphere to form the nitrlded layer on the surface thereof. 
6 7. A method according to claim B In which the nitlding atmosphere comprises ammonia. 

8. A method according to claim 6 or 7 In which the nitrlding atmosphere comprises ammonia and a gaseous 
carbon source. 

9. A method according to claim 6. 7 or 8 in which the nitriding atmosphere comprises ammonia and 
nitrogen. 

10 10. A method according to any of claims 6 to 9 In which the steel is heated to a temperature of between 
480°C and TOO^'C In the nitriding atmosphere. 

11. A method according to any of claims 6 to 10 in which the fiuorinated steel Is held in a nitrogen 
abnosphere prior to exposure to the nitriding atmosphere. 

12. A method according to any preceding claim in which the fluorine- or fluoride-containing gas Is a dilution, 
fs in an inert gas, of at least one of NF9, BF3, CF4. HF, SFe and Fs. 

13. A method according to any preceding claim in which the atmosphere containing fluorine or fluoride 
further comprises an inert gas such as nitrogen. 

14. A method according to any preceding claim fn which the fluorine- or fluoride containing gas Is present in 
the said atmosphere at a concentration of from 0.05% of 20% by weight preferably from 0.1% to 10%, 

20 more preferably from 2% to 7% toy weight, still more preferably from 3% to 5% by weight. 

15. A method according to any preceding claim In which the formation of the fiuorinated lay Is carried out 
work is at a temperature between 150*^2 and 600°C, preferably between 300°C and 500°C. 

16. A method according to any preceding claim In which formation of the fiuorinated layer is carried out at 
between ISO^C and 350*C. 

25 17. A method according to ^y preceding claim In which ttie metal is held in the fluoride- or fluorine- 
containing gas for from 10 minutes to 120 hours, preferably from 20 minutes to 90 minutes, most preferably 
from 30 to 60 minutes. 
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